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(71) We. W. R. Grace & Co., a 
Corporation organised and existing under 
the Laws of the Stale of Connecticut, United 
States of America, of 3, Hanover Square, 

5 New York 10004, New York, United States 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 

10 in and by the following statement: — 

This invention relates to plasticised ther- 
moplastic polymer compositions. 

Vinyl chloride polymers have excellent 
resistance to chemical attack and to abrasion, 

15 and are available in a wide range of colours. 
They are therefore well suited for use as a 
protective or decorative coating inter alia 
on steel. It is desirable to apply the vinyl 
chloride polymer in the form of a composi- 

20 tion containing a plasticiser and the polymer, 
e.g. a plastisol or organosol so that the steel 
or other surface may be coated or sprayed 
in siiu. While it has been proposed to use 
polymerisable plasticisers. particularly diallyl 

25 phthalate and polyethylene glycol dimetha- 
crylate, together with a free radical initiator 
such as t-butyl perbenzoate instead of (or in 
addition to) the conventional plasticisers 
such as dioctyl phthalate, the curing 

30 (polymerisation) of such plasticisers is 
difficult to control. 

Diallyl phthalate, which is cheaper than 
polyethylene glycol dimethacrylate, requires 
a long polymerisation rime which is a 

35 commercial disadvantage and increases the 
possibility of degradation of the vinyl 
chloride polymer. Also, if the plastidser is 



incompletely cured it may be exuded from 
the coating. 

The present invention provides plasticised 40 
thermoplastic compositions, which may be 
based on a vinyl chloride polymer or another 
thermoplastic polymer, and in which the 
above disadvantages are mitigated or elimi- 
nated. In the present specification the term 45 
"thermoplastic" will be applied both to 
polymers which are inherently so, and to 
polymers which can be rendered thermo- 
plastic by incorporation of a plastidser. 

The compositions of the invention contain 50 
a thermoplastic polymer, a polymerisable 
plasticiser, e.g. diallyl phthalate, and a 
polythiol. They will normally contain 10-200 
parts by weight of the polymerisable 
plasticiser per 100 parts by weight of the 55 
polymer. 

The mechanism by which the compositions 
are cured is not certain, but may involve the 
reaction of the polythiol with the polymeris- 
able plasticiser to produce tbioether links, 60 
The curing reaction may be initiated in 
one or more of several ways, for example 
by oxygen, ultra-violet radiation, a chemical 
initiator or the use of high energy electrons 
or other particles or radiation. The £5 
compositions of the invention may therefore 
indude additives appropriate to the desired 
mode of initiation, for example a photosen- 
atising agent or peroxide initiator. 

The plasticiser is "polymerisable" in the 70 
sense that k is capable of undergoing 
free-radical initiated homopolymerisation. 
The unsaturated groups in such a plasticiser 
are capable of reaction with a polythiol 
under appropriate conditions. Thus the 75 
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plasticiser contains two or more carbon to 
carbon unsaturated -ene or -yne groups, i.e. 
the groups: 

(1) -CH = CH— ; (2) _C = 
5 (3) — CH = CH.; (4) — C ~ CH; (5) — C 
= C— ; (6) — C~= CH; (7) — CH - C— ; 
and (8) -~C ~ CR>. 

Such groups are desirably terminal or near 
terminal in the molecule. The carbon to 
10 carbon unsaturated groups must not be 
conjugated, and are preferably well separated 
from each other in the molecule by other 
linkages. The plasticiser may contain an 
average of 2-5 such groups, but more usually 

15 the average will be 2-3 per molecule. 
Divinyl-tenninated compounds such as 
diallyl esters and diesters of acrylic and 
methacrylic acid are suitable, diallyl phtha- 
late being particularly preferred. Diallyl- 

20 terminated polymers eg. diallyl-terminated 
polyesters may also be employed. Many 
of the '"polyenes" described in our British 
Specification No. 34436*67 (Serial No. 
1,215.591) may be employed. 

25 In general, the molecular weight of the 
polymerisable plasticiser will be between 
50 and 10,000, preferably between 200 and 
5.000. 

The puiylhioi can have two or more, e.g. 

30 2-6 % reactive — SH groups in the molecule, 
and a molecular weight of from 50 to 20,000. 
A preferred class of polythiol compounds is 
the esters of thioglycollic acid (HS — CR, 
COOH); a-mercaptopropionic add fHS 

35 — CHfCHj) — COOH); or 0-mercaptopropi- 
onic acid (HS — CH 2 CH 2 COOH> with 
polyhydroxy compounds having two to 
six hydroxyl groups, preferably attached 
to the same or vicinal carbon atoms. 

40 The particularly preferred polythiols within 
this class are esters formed by reaction of the 
above sulphur containing acids with aliphatic 
glycols, triols, tetrols, pentols or hexols. 
Specific examples of preferred polythiols are 

45 ethylene glycol bisf^mercaptopropionate), 
trimethylolpropane - tris - (p - mercapto- 
propionate), pentaerythritol - tetrakis - (fi 
- mercaptopropionate) and thioglycollates 
such as pentaerythritol-tetrakis thioglycol- 

50 late, as well as other polythiols disclosed in 
our British Specification No. 34436 *67 (Serial 
No. 1,215,591). 

The ratio of polythiol to polymerisable 
plasticiser need not be the exact stoichiome- 

55 trie ratio calculated on the basis of one — SH 
group per carbon to carbon unsaturated 
group in the polymerisable plasticiser. but 
may be considerably more or less. Thus the 
ratio may be from 02 to 5 moles of thiol 

60 groups per carbon to carbon unsaturated 
group, but will most usually be from 0.5-1.5. 
and is preferably 0.9-1.1. 

The thermoplastic polymer constituent of 
the composition may be, for example, a vinyl 

65 r**«n such as polyvinyl chloride, a copolymer 



of vinyl chloride with another vinyl monomer 
(especially vinyl acetate) polyvinyl acetate, or 
a copolymer of vinyl acetate with another 
vinyl monomer. Other kinds of thermoplastic 
polymer such as copolymers of alpha-olefins 70 
with vinyl monomers, e.g. of ethylene with 
vinyl acetate, may also be used. The 
invention is particularly valuable when the 
thermoplastic polymer is polyvinyl chloride. 
The polyvinyl chloride resin may be paste 75 
grade, or be a blend of paste and non-paste 
grade resins, to improve the stability to age- 
ing and if it is to be applied as a plastiso). to 
reduce the viscosity thereof. 

The compositions may also contain un- 80 
polymerisable plasticisers for the thermo- 
plastic polymer, such as dioctyl phthalate. 
diisooaylphthalate, didecyi phthalate or 
dioctyl sebacate; they may also contain 
addition polymerisation inhibitors, diluents. 85 
solvents, pigments and or dyes. 

When a photosensitiser such as aceto- 
phenone or benzophenone is included in the 
composition, it will normally constitute about 
0.05 to 2j5% by weight of the polymerisable 90 
plasticiser. A chemical free radical-initiator, 
if present, should constitute 0.05 to 5% of 
the polymerisable plasticiser. Suitable such 
initiators include organic peroxides, hy- 
droperoxides, esters of peracids and azo 95 
compounds. 

The compositions may include one or 
more heat stabilisers for the thermoplastic 
polymer. The amount to be employed is 
determined by consideration of the tern- 10G 
peratures to which the composition must be 
heated for application, and the temperatures 
which will be encountered in use. Generally 
about 05 to 5% by weight of heat stabiliser, 
based on the thermoplastic polymer will be 105 
used. Suitable heat stabilisers include basic 
lead carbonate, lead acetate, lead stearate, 
lead oleate. calcium stearate, dibutyl tin 
dilaurate and barium-cadmium tin com- 
plexes. 110 

The viscosity of a plastisol composition 
may be reduced if desired or necessary, e.g. to 
make it more suitable for application by 
spraying, dipping, spread coating, film 
casting or rotational or slush moulding, by 115 
adding a small percentage of a mineral 
spirit or of a viscosity depressant such as 
polyethylene glycol monolaurate. If a thin 
coating is required the composition may be 
formulated into an organosol containing a 120 
diluent such as a toluene/xylene mixture. 

The compositions of the invention may 
also take the form of a "dry blend", i.e. 
a blend containing insufficient plasticiser to 
produce a viscous liquid at room temperature 125 
which can be obtained by hot-mixing 
a granular polyvinyl chloride resin with the 
polymerisable plasticiser. The blend may be 
calendered, extruded or moulded. 
The compositions can also take the form of 1 30 
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a paste initially. If for example the polymer 
employed is an ethylenevinyl acetate copoly- 
mer the paste can be formulated to provide a 
solution of the polymer in the plasticiser on 

5 heating. 

The compositions may be used to form 
protective or decorative coatings on metals, 
especially iron and steel, for example to a 
motor car root or other parts of motor 

10 car bodies. Plastics may also be coated. It is 
possible to obtain a simulated leather finish 
of pleasing appearance. Adhesion can often 
be improved by priming the metal before 
applying the composition. The composition 

15 is applied to the substrate and subsequently 
cured. 

The compositions may also be used to 
produce self-supporting films or other shaped 
articles where a certain amount of rigidity 

20 is desired, by shaping and then curing by 
exposure to a free-radical generator. 

The invention also provides a method of 
securing two surfaces together which com- 
prises applying a thin layer of the composi- 

25 tion to either or both surfaces and curing it 
by exposing it to a free radical generator. 

When the compositions of the invention 
are formulated as plastisols or organosols, 
they shuld be fluxed (after application). The 

30 fluxing should be at between 100 and 200°C, 
the exact temperature depending on the 
nature of the composition and, if it is being 
applied as a coating, on the heat-resistance of 
the substrate. Generally it will be from 140 to 

35 200PC, and preferably between 160°C and 
200°C. The time of fluxing will depend 
considerably on the temperature and com- 
position and can vary from 10 seconds to 5 
hours. The fluxed plastisol may then be cured 

40 by any of the methods previously mentioned, 
e.g. by exposure to ultra-violet radiation or a 
low dosage of high energy electrons. It will 
be appreciated that when such fluxing is 
performed the composition must not include 

45 a chemical initiator which would initiate the 
curing at any temperature up to the fluxing 
temperature. 

The cured composition is believed to 
comprise a solid polythioether dispersed in a 

50 fluxed plastisol of a thermoplastic polymer, 
e.g. polyvinyl chloride, polyvinyl acetate or 
a copolymer of vinyl chloride with vinyl 
acetate, the weight ratio of polythioether to 
thermoplastic polymer being from 0.01 to 100 

55 : 1. preferably 0.2-10 : 1. 

The following Examples illustrate the 
invention. "Parts" are by weight. The words 
"Breon", "Vjnnol", "Meffite" and 4< Geon" 
are registered trade marks. 



Example I 60 
A plastisol of the following composition 
was prepared: 

Parts 

"Breon 121"* 100 

Diallyl phthalate 50 65 

Pentaerythritol mercapto- 

propionate 45 
Basic lead carbonate 5 
Benzophenone 0,5 
"Azosol Black: MA" 0,4 70 

(*Breon 121 is a polyvinyl chloride 
emulsion resin of nominal specific gravity 
1.40, specific viscosity 0.63 to 0.69 in 0.5% 
solution in cyclohexanone, and K value 70 to 
74). 75 

The plastisol was prepared as follows: 
The benzophenone was dissolved in the 
diallyl phthalate and the solution then added 
to the polyvinyl chloride. The basic lead 
carbonate and black dye were then added. SO 
The resulting mixture, which was in the 
form of a paste, was then de-gassed, and 
the pentaerythritol mercaptopropionate was 
stirred in under vacuum. The mixture was 
spread onto a steel plate to form a film 0.51 85 
mm. thick and fluxed at 200°C. for three 
minutes. 

The fluxed film was flexible, but on 
exposure to ultra-violet radiation for ten 
minutes became hard, tough and abrasion- 90 
resistant It was insoluble in common organic 
solvents. 

Example 2 

Following the procedure of Example 1, a 
plastisol was prepared with the following 95 
composition: 

Parts 

"Breon 121" 100 
Diallyl phthalate 40 
Afiyl-temiinated polyester of 100 

molecular weight about 3,200* 40 
Peotaecythritol mercapto- 
propionate 44 
Basic lead carbonate 5 
Benzophenone 1 105 

(*The polyester was obtained by reacting a 
hydroxy-terminaled polyester "Polyester 
Glycol RC-S 106*' with two moles of aliyl 
isocyan&e). 

A portion of this plastisol was cast on a 110 
steel surface into a film, fluxed, and cured 
as in Example 1. The cured film was tough 
and moderately rigid. 
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Example 3 
Following the procedure of Example 1, 
an organosol was prepared with the follow- 
ing composition: 
5 Parts 
"Vwno} PI00/70"* 100 
Pentaerythritol mercapto- 

propionate 5 
AHyl-terminated polyester, of 
10 molecular weight 3000 50 

"Mellite 207" 4 
(a liquid calcium /zinc/epoxy 
stabiliser) 
Isophorone 16 
15 Mineral spirit 32 

(*A polyvinyl chloride paste grade sus- 
pension resin of K value 68-72). 

A portion of this plastisol was cast on 
steel into a film* fluxed and cured as in 
20 Example!. 

The film produced was tough, flexible and 
insoluble in common organic solvents. 

Example 4 
The following composition was prepared: 



25 Parts 

*Geon 434" 100 

EHallyi phthalate 165 
Pentaerythritol tetrakis 

thiogiycollate 750 

30 Benzophenone 2.5 



(*"Geon 434** is a vinyl chloride-vinyl 
acetate copolymer suspension resin, having a 
specific viscosity of 0.31 to 0.36 in 0,5% 
solution in cyclohexanone and a K value of 

35 49-53). 

The "Geon 434" was blended with the 
diallyl phthalate to form a smooth paste 
which was then heated until a molten solution 
was formed. The thiol and benzophenone 

40 were then slowly stirred into the melt. A 
similar composition was also made contain- 
ing ISO parts of "Geon 434**. Both these 
compositions were liquid at elevated tem- 
peratures and solidified on cooling to 

45 room temperature. They could be cured by 
ultra-violet radiation in either the solid or 
molten form. The cured compositions were 
tough, flexible and non-tacky and did not 
melt when reheated after the curing. Other 

50 polymers can also be used in place of 
the "Geon 434", in particular ethylene-vinyl 
acetate copolymers. The resulting composi- 
tions are of a similar nature to those 
described in Examples 1-3 except that a 

55 smaller amount of the polymer is used and 
the composition is heated so that the polymer 
dissolves in the plasticiser. 

While the invention has bees described 
wkh particular reference to the production of 

60 coatings, the compositions of the invention 



can be applied generally to the ordinary uses 
of thermoplastic compositions. 

WHAT WE CLAIM IS:— 
K Compositions comprising a thermo- 
plastic polymer, a polymerisable plasticiser 65 
having at least two non-conjugated carbon to 
carbon unsaturated groups per molecule, and 
a polythiol. 

2. Compositions according to claim I 
comprising 10-200 parts by weight of 70 
plasticiser per 100 parts by weight of 
thermoplastic polymer. 

3. Compositions according to claim 1 or 2 
wherein the ratio of polythiol to polymeris- 
able plasticiser is such that the mom ratio of 75 
thiol groups in the polythiol to the carbon to 
carbon unsaturated groups in the plasticiser 
is from 02 : 1 to 5: 1. 

4. Compositions according to claim 3 
wherein the molar ratio is from 0.5 : 1 to 1.5 : 80 

5. Compositions according to claim 4 
wherein the molar ratio is from 0.9 : 1 to 1.1 : 
1. 

6. Compositions according to any preced- 85 
ing claim wherein the thermoplastic polymer 
is polyvinyl chloride or a copolymer of vinyl 
chloride with vinyl acetate. 

7. Compositions according to any preced- 
ing claim which contain also an addition 90 
polymerisation inhibitor. 

8. Compositions according to any preced- 
ing claim which contain also a photosen- 
sitizer. 

9. Compositions according to any preced* 95 
ing claim which contain also an unpoJymeris- 
able plasticiser. 

10. Compositions according to any preced- 
ing claim wherein the polymerisable plas- 
ticiser is diallyl phthalate. 100 

Jl. Compositions comprising diallyl ph- 
thalate, polyvinyl chloride or a copolymer of 
vinyl chloride with vinyl acetate, the weight 
ratio of diallyl phthalate to the polymer 
being from 0.1 : 1 to 2 : 1, and an ester of 105 
thioglycoltic acid, a-mereaptopropionic acid 
or p-mercaptopropionic acid with an ali- 
phatic polyhydroxy compound having 2 to 
6 hydroxy groups, the molar ratio of thiol 
groups in the thiol-containing ester to carbon 1 10 
to carbon unsaturated groups in the poly- 
merisable plasticiser being from 03 : 1 to 1.5 

12. Compositions according to claim 1 
substantially as described in any one of tbe 1J5 
Examples. 

13. A method of producing a shaped 
article which comprises shaping a composi- 
tion claimed in any preceding claim and 
curing the composition by exposing it to a 120 
free radical generator. 

14. A method of securing two surfaces 
together which comprises applying to either 
or both surfaces a thin layer of a composition 
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claimed in any one of claims 1-12 and 19. Shaped articles produced by a method 

curing the composition by exposing it to a claimed in claim 13. 

free-radical generator. 20. Substrates coated by a method claimed 

15. A method of coating a substrate which in claim IS, 16 or 17. 

5 comprises coating the substrate with a layer 21. Compositions comprising a solid poly- 20 

of a composition in any one of claims 1-12 thioether dispersed in a fluxed plastisol of 

and curing the composition by exposing it to a thermoplastic polymer selected from 

a free-radical generator. polyvinyl chloride, polyvinyl acetate and 

16. A method according to claim 15 copolymers of vinyl chloride with vinyl 

10 wherein the composition is a plastisol and is acetate. 25 
fluxed to form a solid mass before it is cured. 

17. A method according to claim 15 or 16 J. A.KEMP&C0*, 
wherein the substrate is a plastic or metal. Chartered Patent Agents, 

18. Articles having surfaces secured by a 14 South Square, 

15 method claimed in claim 14. Gray's Inn, London, W.C.1. 
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